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Abstract
· AIM:Toassesstherefractiveoutcomeofclear
lensectomycombinedwithpiggybackintraocularlens
implantationinhighlyhyperopicpatients.
·METHODS:Thiscasereviewincluded19eyesof10
patientswithhighhyperopiaandaxiallengthlessthan
21mm. Intraocular lens power was calculated for
emmetropiausingtheHolladayIIformulain17eyes,and
SRK/Tformulain2eyesfollowingclearlensextraction
andpiggybackintraocularlensimplantation.Patients
wereexaminedperiodicallyover24monthsforvisual
acuityandsphericalequivalent(SE).
·RESULTS:ThemeanpostoperativeSEat24months
was0.20 依1.39D (range,-3.00to2.50D),betterthan
preoperative9.81依2.62D (range,+6.00to+14.50D) ( <
0.001).FiveeyeshadSEwithin 依0.5Dofemmetropiaand
11eyeswithin 依1.00Datpostoperative24months.The
meanpostoperativeuncorrectedvisualacuity(UCVA)at
24 months was 0.60 依0.36, significantly improved
comparedtopreoperative1.39依0.33( <0.001).Themean
best-correctedvisualacuity (BCVA)at24monthswas
0.49 依0.35, not statistically different compared to
preoperative0.38依0.30( =0.34).Twelveeyesmaintained
and1gained1ormoreSnellenlineofBCVA,4eyeslost
1line,and2eyeslost2linesat24postoperative
months.Twelveeyesbest-correctednearvisualacuity
(BCNVA) achieved J1 at postoperative 24 months
comparedtopreoperative7eyesandtheother7eyes
betterthanJ3.
·CONCLUSION:Clearlensextractioncombinedpiggyback
intraocularlensimplantationappearstobeaneffective
procedure to correct high hyperopia but mild
overcorrection and intralenticular opacification may
requiresecondaryprocedure.
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INTRODUCTION
S
urgicalproceduresthatcorrecthyperopiainclude
keratophakia,hexagonalkeratotomy,automatedlamellar
keratoplasty, thermalkaratoplasty,photorefractive
keratectomy(PRK),andlaser keratomileusis
(LASIK).Poorpredictabilityandinstabilitycanlimitthe
visualoutcomeofhyperopicrefactivesurgery,especiallyin
highlyhyperopicshorteyes
[1,2].Clearlensextraction(CLE)
withintraocularlens (IOL)implantationisanemerging
alternativetreatmentforthesecases,especiallyforaging
presbyopicpatients,whomlosetheiraccommodationandare
totallydependentonopticalcorrectionforbothnearand
distancevision
[3-6].RecentlytheuseofnovelIOLs,suchas
theaccommodating,multifocal,andasphericlenses,may
improvepatientsatisfaction.LASIKremainsthepredominant
procedureforthecorrectionoflowandmoderatehyperopia
uptoabout+3.00D,whereasclearlensexchangeplus
intraocularlensimplantationispreferredforhighlevelof
hyperopiaabovethe+3.00Drangebasedontheless
compellingpostoperativeresultofLASIKorPRK.
PiggybackIOLimplantationwasfirstdescribedin1993for
correctingextremehyperopiainananophthalmiceye
undergoingcataractsurgery;twoplano-convexIOLswere
implantedbacktoback,thefirstinthecapsularbag(plano
sidefacinganteriorly)andthesecondintheciliarysulcus
Piggybackintraocularlensforhighhyperopia
650陨灶贼允韵责澡贼澡葬造皂燥造熏灾燥造援 6熏晕燥援 5熏 Oct.18, 圆园13 www.IJO.cn
栽藻造押8629原愿圆圆源缘员苑圆 8629-82210956 耘皂葬蚤造押ijopress岳员远猿援糟燥皂
(planosidefacingposteriorly)
[7].Asthedevelopmentofthe
IOLtechnique,highhyperopia(upto+10.0D)couldbe
correctedwithasingleaspheicIOL.Accordingtothe
previousstudy,foldablepiggybackIOLscanprovidebetter
opticalqualitywithlesssphericalaberrationthanasingle
highpoweredIOL.DualIOLsmayalsobeabletoincrease
thedepthoffocusbymutualcompressionofthecentral
opticalzoneoftheimplants.Thistechniquecouldimprove
thepostoperativevisionqualitybypositioningthetwolens
properlytoachievethedesiredeffect.Theefficacyofusing
multiplelenseshasbeendemonstratedinseveralstudiesafter
CLEorcataractremovalforhyperopicpatients
[8,9].However,
controversystillremainsregardingtheexactpositioningand
thetypeoflensesimplantedandthelongtermeffectis
variable
[10].
Wepresenttheclinicaloutcomeofacaseseriesofthe
refractiveclearlensextractioncombinedwithpiggybackIOL
implantationinthehighlyhyperopicpatientswithshorteyes
andevaluatedtheefficacy,safety,andpredictabilityofthis
procedurefollowing2yearsvisitaccordingtothe
standardizedformatforreportingrefractivesurgeryresultsas
describedbyKoch
[11].
SUBJECTSANDMETHODS
Subjects Thisretrospectivestudycomprised19eyesof10
patientswithhyperopiaof6diopterormoreandocularaxial
lengthlessthan21mmwhounderwentlensectomybetween
March2002andOctober2008.Themeanageofthese4men
and6womenwas45.3依7.86years(range32to55years).All
patientswereinformedaboutthesurgicalprocedureand
possiblecomplicationsandprovidedwrittenconsent.Ethical
approvalforpiggybackIOLimplantationwasapprovedby
theinstitution.Theintendedpostoperativerefractionwas
emmetropiainalleyes.
Methods Preoperativeevaluationincludedslit lamp
evaluation,refractiveerrorexamination,fundusexamination,
Goldmantonometry,keratometry,andcornealendothelial
cellcount.Axiallengthandanteriorchamberdepthwere
measuredbyAccuracyandStandardDimensions(ABD)
ultrasoundbiometry.Intraocularlenspowerwascalculated
usingtheHolladayIIformulafor17eyesandusingSRK/T
formulafortwoeyes.
Phacoemulsificationwasperformedthroughaclearcorneal
incisionundertopicalanesthesia.A3.2mm-wideclear
cornealincisionwasmadewithparacentesis.Nucleofraction
phacoemulsificationwasdonewitha5.5mmdiameter
continuous curvilinearcapsulorhexis.Bi-manual
aspiration/irrigationwasusedforeyeswithasoftnucleus.
Afteraspirationofcorticalmaterialthefoldablepiggyback
IOLs(AcrySofSA60AT,MA60BM,orMA30BM,Alcon,
FortWorth,Texas,USA)wereimplanted.ThefirstIOL
(18.00to30.00D)wasimplantedinthecapsularbag,andthe
secondIOL(7.00to25.00D)wasplacedinthecapsularbag
(11eyes)orciliarysulcus(8eyes).Thesurgeonchoseto
implantthesecondIOLinthebagorinthesulcusdepends
oneyecondition,suchasthestrengthoftheciliaryzonuleof
crystallens,IOLmodel,andIOL'spositionafterthesecond
IOLimplanted.ThesecondIOLwaspreferredtobe
implantedintothebagcombinedwiththefirstIOLwhich
wassinglepieceIOLSA60AT.
Allpatientswereexaminedonthefirstpostoperativedayand
thetopicalsteroidandantibioticswereused.Distancevisual
acuityincludinguncorrectedvisualacuity(UCVA)and
best-correctedvisualacuity(BCVA),nearvisualacuity,and
sphericalequivalent(SE)wereevaluatedateveryfollow-up
visit.
StatisticalAnalysis Visualacuitydatawereconvertedto
logMARvaluesforanalysis,andthemeanwithstandard
deviationsof measurementswerecalculated.Statistical
evaluationwasbytheWilcoxonsignedranktest.Difference
witha valuelessthan0.05wasconsideredstatistically
significant.
RESULTS
Thereisnocomplicationoccurredduringthesurgical
procedure.Accordingtotheeyeconditionofeachpatientthe
surgeonimplantedthesecondIOLinthecapsularbagor
ciliarysulcus(Table1).
PreoperativemeandistanceUCVAandBCVAwere1.39依
0.33logMAR(range,0.70to2.00)and0.38依0.30logMAR
(range,0.05to0.82)respectively.ThepreoperativemeanSE
ofthesepatientswas9.81依2.62(range,6.00to14.50D).The
meanpreoperativeendothelialcellcountwas2462.82 依
314.14cells/mm
2 (range,1937to3039cells/mm
2).The
meanaxiallengthwas18.57 依1.70mm(range,16.00to
20.86mm),andthemeandepthofanteriorchamberofall
eyeswas2.67依0.30mm(range,2.16to3.43mm).All19eyes
completedatleast24monthsoffollow-up,andthelongest
follow-upwasabout7years.
Efficacy PiggybackIOLsimplantationimprovedUCVAof
allpatients(Figure1).Theefficacyindex-ratioofmean
postoperativeUCVAtomeanpreoperativeBCVAwas0.67,
0.72,0.65,0.65,and0.60at3,6,12,18,and24
postoperative months. ThemeanpostoperativeUCVA
(logMAR)in6,12,18and24monthswere0.54依0.34,0.62依
0.37,0.62依0.36and0.60依0.36,andallimprovedcompared
topreoperativeUCVA(<0.001).Eighteen (94.74%)of
nineteeneyesofbest-correctednearvisualacuity(BCNVA)
werebetterthanJ3andduringpostoperative6monthsit
improvedto100%,butitretractedatpostoperative24
months.Thereweretwelve(63.16%)ofnineteeneyesat
post-operative24monthswereJ1comparingtopreoperative
651Table 1  Preoperative axial length, anterior chamber depth, the diopters, the model and the position of the IOLs implanted in 
all patients 
Patient  Gender  Age (a)  Eye  AL (mm)  AC (mm)  IOL power (D)  IOL positions  IOL model 
1  M  47  OD  20.2  2.35  +30D/+7D  Bag/sulcus  MA60BM/MA60BM 
       OS  20.18  2.54  +30D/+9D  Bag/sulcus  MA60BM/MA60BM 
2  F  55  OD  19.45  2.76  +30D/+7D  Bag/sulcus  MA60BM/MA60BM 
       OS  19.43  2.46  +30D/+8D  Bag/sulcus  MA60BM/MA60BM 
3  M  32  OD  16.38  2.94  +30D/+20.5D  Bag/sulcus  MA60BM/MA60BM 
       OS  16.34  2.81  +30D/+21D  Bag/sulcus  MA60BM/MA60BM 
4  F  47  OD  19.18  2.65  +30D/+10D  Bag/sulcus  MA60BM/MA60BM 
       OS  19.15  2.42  +30D/+10D  Bag/sulcus  MA60BM/MA60BM 
5  F  37  OD  16.43  2.68  +30D/+22D  Bag/bag  SA60AT/MA60BM 
       OS  16.38  2.72  +30D/+25D  Bag/bag  SA60AT/MA60BM 
6  M  40  OD  20.86  3.43  +20D/+13D  Bag/bag  MA60BM/MA60BM 
7  F  55  OD  20.59  2.54  +24.5D/+9D  Bag/bag  MA60BM/MA60BM 
       OS  20.01  2.16  +18D/+18D  Bag/bag  MA60BM/MA60BM 
8  F  54  OD  19.24  2.39  +20D/+23.5D  Bag/bag  MA60BM/MA60BM 
       OS  18.87  2.42  +20D/+25D  Bag/bag  MA60BM/MA60BM 
9  M  42  OD  16.00  3.15  +30D/+24.5D  Bag/bag  SA60AT/MA60BM 
       OS  16.04  2.77  +30D/+22D  Bag/bag  MA60BM/MA60BM 
10  F  44  OD  19.03  2.69  +30D/+10D  Bag/bag  SA60AT/MA60BM 
       OS  19.00  2.91  +30D/+10D  Bag/bag  SA60AT/MA60BM 
OD: Right eye; OI: Left eye; AL: Axial length; AC: Anterior chamber; D: Diopter; IOL: Intraocular lens. 
seveneyes(36.84%),thirteeneyes(68.42%)preoperative
andfifteeneyes(78.95%)postoperativeBCNVAwerebetter
thanJ2(Figure2).
Safety Thesafetyindex-ratioofmeanpostoperativeBCVA
tomeanpreoperativeBCVAwas0.96,0.92,0.97,0.97,0.80,
and0.84at1month,3,6,12and24monthsaftersurgery.
ThemeanBCVAwere0.40依0.31,0.42依0.35,0.50依0.32and
0.49 依0.35at6,12,18and24monthsaftersurgery,all
increasedbutnostatisticallysignificantdifferent(=0.91,
0.71,0.29,0.34) (Figure3).Twelveeyesmaintainedand1
gained1ormoreSnellenlineofBCVA,4eyeslost1line,
and2eyeslost2linesat24postoperativemonthsBCVAof
twelveofnineteeneyes(63.16%)maintainedand1eye
(5.26%)gained1ormorelinesinSnellenvisualacuityand
foureyes (21.05%)lost1lineat24postoperativemonths.
Twoeyes (10.53%)lost2SnellenlinesintheirBCVA,
whichwerefromaglaucomapatientwhohadavisualfield
lossbeforesurgery(Figure4).
Predictability ThemeanpostoperativeSEin6,12,18,and
24monthswere-0.21 依1.25D,0.00 依1.23D,-0.34 依1.49D,
-0.20 依1.39D.Thepreoperativemeansphericalequivalent
(SE)was9.81依2.62D,allwerebetterthanbeforesurgery
( <0.001).AlsowecomparedtheachievedSEtothe
intendedSEatpostoperative24months;ourdatashowedthe
predictabilityofthis procedureinmostpatientswas
overcorrection(Figure5).SEofallthepatientsdecreased
afterthesurgery.SEofsixeyes(31.58%)arewithin 依0.5D
ofemmetropia,thirteeneyes(68.42%)arewithin 依1.0D,16
Figure1PercentageoftheeyeswithUCVA逸20/200before
andaftersurgeryat3,6,12,18and24months.
Figure2PercentageoftheeyeswithBCNVA逸J3beforeand
aftersurgeryat3,6,12,18and24months.
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eyes(84.21%)arewithin 依1.5Dand17eyes(89.47%)are
within 依2.0Datpostoperative12months.SEoffiveeyes
(26.32)arethewithin 依0.5Dofemmetropia,11eyes(57.89%)
within 依1.00D,15eyes(78.95%)arewithin 依1.5Dand16
eyes(84.21%)arewithin 依2.0Datpostoperative24months.
Stability Figure6showsthestabilityoftheSErefraction
( >0.05betweeneachpostoperativeinterval).Comparing
postoperativeSEat12monthsto24months,nineofnineteen
eyes(47.37%)werewithchangeinSE>0.5Dandthe
maximalchangewas2.25Dhyperopicshift.
Postoperative Complications/Secondary Surgery One
patientwasperformedLASIKinbotheyesat4monthsto
correctthepostoperativemyopia.Twoeyesdeveloped
post-capsularopacification(PCO)atpostoperative12and18
monthsbutweresuccessfullytreatedbyneodymium:YAG
laser.During24monthsafterpiggybacksurgerynoeyewas
foundinter-lenticularopacification(ILO),buttherewere3
patients(6eyes)developedILOafter3yearspost-piggyback
surgery.
Withmorethan24monthsfollowing-uponepatient(OD)
wasalsoperformedLASIKtoenhancetotreatresidual
hyperopicatpost-piggybacksurgery3yearsandBCVAwas
0.9afterLASIKsurgeryeventhoughtherewaspericentral
ILOinformofElschnigpearlsatthelatestvisit.Theother
twoeyesdevelopedILO,oneofthemwastreatedsuccessfully
withneodymium:YAG(Nd:YAG)capsulotomytheother
eyefailedandwesuggestedthelaterpatienttochangethe
IOLbutsherefused.WedidnotfoundILOinonepatient
during24monthsfollowing-upbutpigmentalopacification
appearedatpostoperativefour-yearvisitandchangedto
febrilemassopacificationat7yearsaftersurgery.
DISCUSSION
CLEwithIOLimplantationisproposedasasafeand
effectiveprocedureforpatientswithnanophthalmosandfor
hyperopicpatients35yearsorolder
[12,13].Inourstudy,alleyes
werehighhyperopicandhadashortaxiallength(<21.0mm),
includingsixwithnanophthalmos(axiallength<18.0mm).
Thesehyperopiceyeswerewithasmalleraxiallength,small
anteriorchamber,andsmallcornealdiameters.
IOLcalculationandselectionisdifficultinhighhyperopia
becausemostIOLpowerformulasarenotaccurateintheir
predictions
[14].Toovercomethisproblemwepreferred
HolladayIIformulatocalculatetheIOLpowerbecause
previousreportsshowedthatthismethodismoreaccurate
thanotherformulas.AchievedSEapproximatespredictedSE
usingtheHolladayConsultantformulaforIOLpower
calculation.TheLloydGillsregressionformulawith
modifiersgivesasgoodresultsasHolladayIIbutitcreates
moreundercorrectionsandovercorrections.Our
Figure3 ChangeofBCVA (logMAR)beforeandafter
surgery.Errorbar=1/2SD.
Figure5AchievedcorrectionversusintendedchangeinSEof
alleyesatthe24monthsfollow-up.Thelinearregressionline
(blueline,
2=0.81)showsatendencytowardovercorrection.
Figure6 ChangeofSEinalleyesduringthecomplete24
monthsfollowing-up.Errorbar=1/2SD.
Figure4LostorgainlinesofBCVA(logMAR)aftersurgery.
653predictabilityshowedovercorrectedat24monthsafter
surgeryandcomparepostoperativeSEat12monthsto24
months,nineofnineteeneyes(47.37%)werewithchangein
SE>0.5Dandthemaximalchangewas2.25Dhyperopicshift
whichwasreportedrelatedtointerlenticularpseudophakic
opacificationandotherreasons
[15,16].
Hyperopiceyesaremorepronetointraoperativeand
postoperativecomplicationssuchasuvealeffusion,retinal
detachment,intraocularhemorrhage,andglaucomabecause
oftheirsmallanteriorandposteriorsegment.Foldable
piggybackIOLswereusedinalleyes.Eleveneyeswere
implanted2IOLsincapsuleand8eyeswereimplantedone
IOLinthebagtheotherIOLintheciliarysulcus.No
intraoperativecomplicationssuchascapsuleruptureoccurred
inourseries.Wedidnotfindrotation,decentration,ortilton
biomicroscopy.
ShugarandKeeler
[17] reportedprimaryAcrySofpiggyback
IOLshadlowPCOrate,wehave2eyesdevelopedPCO
postoperatively;themeantimetoopacificationwas15
months.BothoftwoeyeshadsucceefulNd:YAG
capsulotomywithnocomplicationssuchascystoidmacular
edema(CME)orretinaldetachment.NoeyesdevelopedILO
inourstudyduring24monthsfollowing-upeventhoughitis
themostcommoncomplicationofpiggybackimplantation.
SeveralstudiesreportedtheILOafterpiggybackingacrylic
intraocularlenses.Thetrueincidenceisnotknown,asit
tendstooccurmorethan1yearaftersurgery.Gayton
[16]
havereportedanincidenceof43%in30eyeswithacrylic
IOLsand22%in31eyeswithpolymethylmethacrylate
(PMMA)lensfollowedforatleast2years.Theexact
mechanismofILOisnotclearlyelucidated,butitis
theorizedthattheacrylicIOLsmayformasealinfrontofthe
anteriorcapsularedgeaswellasalongtheposteriorsurface
ofthebacklens
[18].Asaresult,lensepithelialcellsmay
migratedirectlyintotheinterlenticularspace.ILOmaybe
associatedwithhyperopicshiftandSpencerreportedILO
inducedahyperopicshiftof3Dinapatient18monthsafter
surgery.Tohelpresolvethishyperopicshift,Gayton
[19]
reportedtheuseofneodymium:YAGlaser.Removalof
interlenticularopacitiesisachallengingprocess.Elschnig
pearl-typematerialcanbeeasilyremovedfromtheinterface.
However,membrane-typeopacities,whichcanbestripped
surgicallyfromthePMMAIOLswithoutdifficulty,arevery
adherenttotheAcrySofIOLsnecessitatinglensexchange
[17,20].
ExplantationofAcrySofIOLscanbedifficultowingtothe
adherencetotheanteriorcapsule.Creationofalargecorneal
orlimbalwoundandremovaloftheIOLscanavoidthemore
consumingtimeandtraumaticintraocularseparationor
divisionofthelenses.
Previousstudyreportedhyperopiceyeswithshallowanterior
chambersaremorepronetoangleclosure
[21-23].Inacaseof
reportofIwase,postoperativeIOPelevatedinsecondary
piggybackIOLsimplantationwithouthistoryofglaucomaor
ocular hypertension
[24].Kolahdouz-Isfahani
[13]
recommendedperipheralsurgicaliridectomiesinalleyes
withanaxiallengthlessthan20.0mm.Wedidnotfindany
eyedevelophighIOPincludingonepatientwhohad
glaucomaandperformedlaserperipheraliridectomiesinboth
eyesbeforesurgery.
Aspatientsapproachpresbyopicage,moderateandhigh
hyperopiaincreasinglybothersome.Theperceived
accelerated onset ofpresbyopiaoccursbecausesome
accomodationisexpendedinanefforttoclarifydistance
vision.Manyhyperopiapatientshavesignificantchronic
accommmodationspasm.Iftheamountofhyperopiais
beyondtherangeofalternativerefractiveprocedures,clear
lensextractionwithIOLinsertionmightbetheonlyavailable
surgicaloption. Overall,ourresultsshowed good
predictability,safety,efficacyandstabilityofpiggybackIOL
implantationtotreathyperopicshorteye.
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